Hyperglycemia exerts toxic effects on the pancreatic β-cells. This study investigated the hypothesis that the antidiabetic drugs glibenclamide and metformin, in combination with hydroxychloroquine (HCQ) offer additional protection for the pancreas against oxidative stress and produce hepatoprotective effect in alloxan-induced diabetic rats. Diabetes was induced in male Long-Evans rats by a single dose of alloxan (120 mg/kg; i.p.). Different groups of diabetic animals were treated with glibenclamide (10 mg/70 kg, i.p.), metformin (850 mg/70 kg, i.p.), HCQ (300 mg/70 kg, i.p.) and combination of both glibenclamide and metformin with HCQ, separately for a period of 28 days. Diabetic rats had significantly elevated levels of serum glutamate oxaloacetate transaminase (SGOT) and serum glutamate pyruvate transaminase (SGPT), while catalase (CAT) and superoxide dismutase (SOD) activity were significantly reduced. Glibenclamide and metformin produced no significant effects on antioxidant enzymes but both showed significant (p<0.05) result in reducing SGOT and SGPT level in diabetic rats. In contrast, the combination of glibenclamide or metformin with HCQ showed better effect on up-regulation of CAT and SOD activity and down-regulation of SGOT and SGPT activity in comparison with the antidiabetic drug alone. These findings suggest that, HCQ potentiates the effect of glibenclamide and metformin to protect pancreas against oxidative stress and produce hepatoprotective effect in diabetic rats.
Introduction
Diabetes mellitus is associated with progressive metabolic derangement, worsening glycemic control and morphological changes in the kidney, retina, pancreas and other organs (Soret et al., 1974; Cristina et al., 2008; Cook et al., 2005) . Oxidative stress is known to play a significant role in the induction of these processes (Giugliano et al., 1996; Baynes and Thorpe, 1999) . High levels of oxidative stress with excessive generation of free radicals and depleted levels of free radicals scavenging enzymes have been demonstrated in several studies, both in experimental animal models of diabetes and in human diabetic subjects (Bonnefont-Rousselot et al., 2000; Telci et al., 2000; Turk et al., 2002) . In type 1 diabetes, reactive oxygen species (ROS) are involved in β-cell dysfunction initiated by autoimmune reactions and inflammatory cytokines (Cnop et al., 2005) . In type 2 diabetes, ROS activate β-cell apoptotic pathways, impair insulin synthesis and also contribute to insulin resistance (Evans et al., 2003; Simmons, 2006) . While oral hypoglycemic agents may be effective for glycemic control, at least in the early stages of diabetes, they do not appear to be effective in entirely preventing the progression of ROS mediated organ damage (UKPDS, 1998) . Hepatic abnormalities such as elevations of transaminases and alkaline phosphatase (ALP) are common in diabetes mellitus (Erbey et al., 2000; Vozarova et al., 2002; Meybodi et al., 2008; Leeds et al., 2009) . The measurement of these enzymes and other biochemical markers such as albumin, total bilirubin in serum constitutes the liver function tests. These liver function tests are frequently utilized to diagnose or screen for hepatobiliary disease, examine the progression of a disease as well as to monitor or detect the hepatotoxicity Correspondence to: Mamunur Rashid; E-mail: mamun69jp@yahoo.com that may arise from the use of drugs or substances (Elizabeth et al., 2005; Senior et al., 2009 ). Measurement of serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) reflects the concentrations of intracellular AST and ALT that have leaked into the general circulation and thus, serves as an indicator of hepatotoxicity (Elizabeth et al., 2005) . In our previous study, we have reported that HCQ in combination with glibenclamide or metformin exerts hypoglycemic and antidyslipidemic effects in alloxan-induced diabetic rats . We have also showed that oral hypoglycemic agents (metformin and/or glibenclamide) combined with HCQ improves glycemic control and are more effective in ameliorating liver glycogen level in diabetic rats than either drug alone. The main aim of this study was to investigate the potential hepatoprotective effect of HCQ combined with glibenclamide or metformin in alloxan-induced diabetic rats by measuring the activities of serum AST and ALT and the effect on oxidative stress by measuring antioxidant enzyme activities like SOD and CAT. In the present study, we have investigated how the addition of HCQ as an adjunct to glibenclamide or metformin affects hepatoprotective and oxidative stress in alloxan-induced diabetic rats (AIDRs).
Materials and Methods
Selection of animal: Long-Evans male rats weighing about 150-180 gm, age 2 months were acclimatized to the new environmental condition for a period of one week. During the experimental period, the rats were kept in a well ventilated animal house at room temperature of 25° C and were supplied with standard pellets from ICDDR, B and fresh drinking water. All the rats were kept in cages and maintained with natural 12 hour light and dark cycle.
Experimental induction of diabetes: Long-Evans male rats except normal control group were allowed to fast for 12 hours. Hyperglycemia was induced in each fasted rat by administering alloxan monohydrate (120 mg/ Kg body weight) in normal saline intraperitoneally. 10% dextrose was thereafter administered orally to combat the immediate hypoglycemia that could occur. After 24 hours, blood glucose level was measured by using Clever Check glucose test meter (Bioland, Germany) using blood sample collected from the tail vein of the rats. When the condition of diabetes was established, animals with blood glucose levels above 11.1 mmol/L were selected for the study.
Preparation of HCQ, glibenclamide and metformin:
Two hypoglycemic drugs (metformin & glibenclamide) were used in the present study as reference standard drug. Each drug was administered intraperitoneally to hyperglycaemic rats (n=6). Metformin was administered at 850 mg/70 kg body weight/day and glibenclamide at 10 mg/70 kg body weight/day. The trial drug hydroxychloroquine was administered at 300 mg/70 kg body weight/day. Glibenclamide and metformin were dissolved in dimethyl sulfoxide and distilled water respectively before they were administered. HCQ was dissolved in distilled water. Incase of combination therapy, metformin with HCQ was prepared in solution form according to the dose of (425 mg/70 kg BW + 150 mg/70 kg BW) and glibenclamide with HCQ was prepared according to the dose of (5 mg/70 kg BW + 150 mg/ 70 kg BW) respectively.
Treatment of animals:
The animals were randomly divided into seven groups. Each group comprised of six rats. The treatment of animals began on the 3rd day after alloxan injection and this was considered as 1st day of treatment. The animals were treated for 4 weeks as follows:
•Group 1: Normal control + Distilled water (0.5 ml)
•Group 2: Diabetic control + Distilled water (0.5 ml)
•Group 3: Diabetic + HCQ (300 mg/70 kg body weight)
•Group 4: Diabetic + Glibenclamide (10 mg/70 kg body weight)
•Group 5: Diabetic + Glibenclamide (5 mg/70 kg body weight) + HCQ (150 mg/70 kg body weight)
•Group 6: Diabetic + Metformin (850 mg/70 kg body weight)
•Group 7: Diabetic + Metformin (425 mg/70 kg body weight) + HCQ (150 mg/70 kg body weight)
At the end of the treatment period, the animals were fasted for at least 16 hours and sacrificed. Blood samples were collected in centrifuge tubes without anticoagulants and allowed to clot. The clotted blood was then centrifuged at 4000 rpm for 30 min. Serum was separated and then quickly stored at refrigerator for biochemical analysis.
Experimental design: Glibenclamide, metformin, HCQ and combinations (glibenclamide with HCQ) and (metformin with HCQ) were administered daily for four weeks in the alloxan-induced diabetic rats. After four weeks treatment antioxidant enzymes like SOD & CAT activity and liver dysfunction indices like SGOT & SGPT levels were measured using diagnostic kits.
Hepatoprotective activity test: The blood serum which was collected from thoracic artery after sacrificing the rats was used for testing the serum SGPT (ALT) and SGOT (AST) levels. The concentrations were analyzed by taking absorbance by UV spectrophotometer, using diagnostic kits (Linear Chemicals, Spain).
Evaluation of super oxide dismutase (SOD) and catalase (CAT) enzyme activity:
After the experimental period, the animals were sacrificed; liver was isolated and homogenized in chilled Tris buffer at a concentration of 10% (w/v). The homogenate was centrifuged at 4000 rpm for 15 minutes in cold centrifuge and supernatant was assayed for SOD and CAT activity by our previously published method (Begum et. al., 2014) .
Statistical analysis: The results were expressed as mean ± SEM. We used a one-way analysis of variance (ANOVA), followed by Dunnett's post-hoc test or students paired or unpaired t-test where appropriate. The statistical method applied in each analysis. Results were considered to be significant when P values were less than 0.05 (p<0.05).
Results and Discussion
The effect of drug alone (metformin/ glibenclamide/ HCQ) and combination (metformin with HCQ and glibenclamide with HCQ) on the parameters of liver dysfunction indices like SGOT & SGPT levels and antioxidant enzyme activity like SOD & CAT were performed for long term alloxan-induced diabetic rats.
Effect on liver dysfunction indices
Effect on SGOT Level: After four weeks treatment, diabetic control group showed a significant increase (p<0.01) in SGOT levels (125.55%) as compared to normal control group. Administration of glibenclamide and metformin to diabetic animals significantly (p<0.05) declined the SGOT levels as compared to alloxan treated diabetic animals ( Table 1 ). Combination of glibenclamide or metformin with HCQ further reduced the SGOT level in diabetic rats. Moreover, the effect of the combination treatment on SGOT level was significantly (p<0.01) more than that of glibenclamide and metformin. No significant (p<0.05) effect was observed with HCQ alone.
Effect on SGPT level: Alloxan administration to animals of diabetic control group resulted in a significant increase (p<0.01) in SGPT levels (106.17%) after four weeks treatment when compared with normal control rats. SGPT levels of animals treated with metformin and glibenclamide showed significant decrease (p<0.05) when compared to alloxan treated animals. On the other hand, the diabetic rats that received a combination of glibenclamide or metformin with HCQ showed further significant (p<0.01) decrease in SGPT level when compared with alloxan-induced diabetic rats as depicted in (Table 1) . Moreover, the effect of the combination treatment on the SGPT level was significantly (p<0.01) more than that achieved by the glibenclamide and metformin alone. No significant (p<0.05) effect was observed with HCQ alone. Table 2 . The activity of SOD was significantly (p<0.05) (37.59%) declined in the diabetic control rats compared with normal control rats. Daily treatment with glibenclamide & metformin enhanced SOD level by 28.13% and 24.04% respectively as compared with diabetic control rats. Combination of HCQ with glibenclamide and metformin significantly (p<0.01) increased SOD level by 54.73% and 50% respectively when compared with alloxan-induced diabetic control rats. Combination of HCQ with glibenclamide or metformin produced a significant (p<0.01) increase in the SOD activity which is higher than that produced by either drug alone (p>0.05). On the other hand, no significant result was observed with HCQ treatment.
Effect on CAT activity: A significant (p<0.05, 48.27%) decline in CAT activity was found with diabetic control group when compared with normal control group after four weeks treatment. Combination of HCQ with glibenclamide and metformin showed a significant improvement (p<0.01) in the CAT activity after 28 days as compared to alloxan-induced diabetic rats (Table 2 ). Daily treatment with glibenclamide & metformin enhanced CAT level by 28% and 25.33% respectively. Metformin and glibenclamide enhanced only slightly the activity of CAT (p>0.05) in comparison with diabetic control group. Combination of HCQ with glibenclamide or metformin produced a more significant (p<0.01) increment in CAT activity which is higher than that produced by either drug alone. Not much difference was observed with HCQ treatment when compared with diabetic control group. The present study aims to investigate the effect of coadministration of HCQ with commonly used antidiabetic drugs glibenclamide and metformin for their effect against various biochemical parameters in alloxan-induced diabetes. Alloxan monohydrate is one of the most frequently used inducer of experimental diabetes. It has been shown that the inhibition of mechanism of oxidative phosphorylation in the beta cells is the primary cause of diabetogenic action of alloxan (Bhattacharya, 1955) . Alloxan acts by interfering with some essential enzyme/ enzymes of beta cells; which are also present in liver and kidneys in a specific concentration. Therefore, these organs, namely liver and kidneys are also affected by suitable concentrations of alloxan. In the present study, alloxan at the dose of 120 mg/kg body weight (i.p.) was found to induce diabetes (glucose levels greater than 11.1mmol/L) in 12 hour fasted rats. Our earlier studies have reported a significant antihyperglycemic activity of the antimalarial agent HCQ in combination with two conventional antidiabetic drugs viz. glibenclamide and metformin in alloxan-induced diabetic rats . The study also revealed a significant antidiabetic effect of co-administration of HCQ and antidiabetic agents which was found to be comparable to that produced by the administration of 100% glibenclamide and 100% metformin alone . SGPT is a cytosolic enzyme primarily present in the liver, and SGOT is a mitochondrial enzyme released from heart, liver, skeletal muscles and kidney. SGOT and SGPT are both sensitive markers of hepatocellular injury. When the liver cell is injured or dies, these proteins can leak through the liver cell membrane into the circulation and serum levels will rise. Diabetic rats have been found to be associated with an increase in the activities of SGOT and SGPT. It may be indicator of severe liver and cardiac damage. The higher levels of SGOT and SGPT may give rise to a high concentration of glucose. In other words, the gluconeogenic action of SGOT and SGPT plays the role of providing new supplies of glucose from other sources such as amino acids (Hossain et al., 2011) . The present study revealed an increase in both SGPT and SGOT in diabetic animals which indicated damage to vital organs like liver and heart. Treatment with the drugs alone and their combinations helped to restore the SGOT and SGPT levels to normal range. However, the diabetic rats that received glibenclamide and metformin in combination with HCQ showed significant down-regulated activity of SGOT & SGPT level indicating that glibenclamide and metformin in combination with HCQ provide better attenuation of SGOT and SGPT level than either drug alone. In diabetes mellitus, hyperglycemia can simply inactivate antioxidant enzymes such as SOD, CAT and GPX by glycating these proteins and induces oxidative stress which in turn causes lipid peroxidation (Vincent et al., 2004; Kaleem et al., 2006) . Decreased antioxidant enzymes levels and enhanced lipids peroxidation have been well documented in alloxan-induced diabetes (Sepici-Dincel et al., 2007; Oyedemi et al., 2011; Monavar et al., 2010) . In the enzymatic antioxidant defense system, SOD is one of the important enzymes and scavenges the superoxide radicals by converting them to H 2 O 2 and molecular oxygen. In this experiment, both the antioxidant enzyme activities have been reduced significantly in alloxan-induced diabetic rats. The observed decrease in SOD activity in diabetic control rats could result from inactivation by H 2 O 2 or by glycosylation of the enzyme, which have been reported to occur in diabetes. CAT is involved in the elimination of H 2 O 2 (Lin et al., 2005; Soon and Tan, 2002) . Based on the findings of the present study, intraperitoneal administration of combination of glibenclamide or metformin with HCQ increased the antioxidant enzymes levels in red blood cells of alloxan-induced diabetic rats. Both the combination therapies showed noticeable improvement in SOD and CAT activities although HCQ alone has milder effects on SOD and CAT activities. Decreased levels of SOD and CAT in the diabetic state may be due to inactivation caused by reactive oxygen species. In treatment groups, the increased CAT activity could be due to higher production of H 2 O 2 . It is possible that CAT activity, which in turn would protect SOD inactivation by H 2 O 2 , and would cause an increase in SOD activity. Increase in SOD activity would protect CAT against inactivation by superoxide anion (Blum et al., 1985) . Meformin and glibenclamide used as reference drugs, also show moderate increase in antioxidant enzymes activities which are due to its hypoglycemic effects.
Conclusion
The findings of this study indicate that HCQ supplementation with antidiabetic drugs in alloxaninduced diabetic rats reduced the levels of SGOT and SGPT as well as increased the levels of antioxidant enzymes like SOD and CAT activities. The administration of commonly prescribed antidiabetic drugs, glibenclamide and metformin in combination with HCQ inhibited oxidative stress and produced hepatoprotective effect in alloxan-induced diabetic rats. In other words, based on our data, it can be said that HCQ provides additional antioxidant and hepatoprotective effect to glibenclamide and metformin. These protections on pancreas and liver might also partially have contributed to the hypoglycemic effect of HCQ in diabetic rats. In addition, it may be suggested that co-administration of HCQ with other therapeutic agents may be effective in minimizing the side effects of oral hypoglycemic drugs. The study concluded that co-administration of glibenclamide or metformin with hydroxychloroquine may prove to be more beneficial in diabetes than either drug alone; but the clinical appropriateness of the combination has still to be confirmed.
